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INTERNATIONAL AFFAIRS 


FEC RESEARCHERS TEST ALTERNATIVE ENERGY TECHNOLOGIES 
Duesseldorf WiIRTSCHAFTSWOCHE in German No 38, 17 Sep 79 pp 46-52 


[Text] In view of the fact that petroleum is becoming 
scarcer and more expensive all the time, the European 
countries are being forced to seek new energy sources 
from which they can supply their industries in the 
coming century. Besides nuclear energy and coal, the 
European governments are entertaining hopes above all 
for new technologies with which the sun's energy can 
be made usable by man as soon as possible. 


Giant space stations parked in the coswus above Europe catch the sunlight 
with paddlelike collectors. By means of microwaves similar to the radar 
waves in use today, they send the bundled energy to receiving stations in 
Germany, England and France. 


Energy supply from space for the countries of the European Community--a 
vision which in the view of scientists could very well become reality; in 
100 years, perhaps. This is too far hence to serve even as just a straw to 
grasp for the Europeans who require more energy each year. 


Oil, inexpensive and superabundant, which after the war transported Europe's 
industries from boom to boom, will in 30 years be available only in small 
quantities. Coal, although plentiful, cannot replace oil and gasoline in 
unlimited fashion because of environmental effects, even after introduction 
of the newest purification technologies. Nuclear energy, the second pillar 
of Europe's energy supply for the coming years, remains uncomfortable even 
for its advocates. 


There remains the hope of using the biggest known nuclear reactor, 149 million 
kilometers away from earth. The utilization of solar energy, so promise the 
scientists, will be catastrophe-proof and not harmful to the environment. 














This makes it all the more surprising to see how hesitantly and with what small 
means the EC countries are prepsring for the transition to a new energy era. 
Not even a billion marks a year are spent vy the EC Commission and member 
countries for research on new approaches to solar energy. The joint 
agricultural policy, inefficient and to the consumer's disadvantage, costs the 
Community of Nine at least DM 20 billion a year. 


Since 1977, all of DM 35 million have been at the disposal of a 35-man 
research team for a 5-year program which is to lead to new utilization of 
solar energy. They work, eyed suspiciously by the national research 
bureaucracies, at Ispra in upper Italy, the research station of the EC's 
atomic authority. 


Despite the smail means, -he EC researchers believe that they can already 
light the gloomy energy future--with about 300 mirrors. These occupy 7,000 
square meters within the area of the Sicilian community of Adrano, a village 
of 300 people located 40 kilometers inland from Catania. 


These mirrors of various dimensions are an important constituent of the first 
solar power station which the Commission's researchers have erected jointly 
with the Italian electricity company Enel, and which--as the first on earth-- 
is to supply current to the electric power network in the coming year. 


“Eurelios,” Europe's first solar power station, works according to a simple 
principle. The mirrors disposed horizontally on the ground reflect solar 
rays onto a central steam generator in the top of a 50-meter-high tower. The 
water vaporized by solar heat produces electricity in a turbogenerator. 


The 1000-kilowatt (l-megawatt) capacity of the Adrano pilot installation does 
at first, however, make it seem like an outsized toy in comparison with the 
500- and 1000-megawatt-capacity traditional power stations. And also, the 
investment of about DM 24 million makes Eurelios too expensive, even if it 
should at some time really achieve a capacity of 5 megawatts. The capacity 
limit of such installations, according to scientists’ projections, lies at 50 
megawatts. The installations can thus, in any event, be used for local energy 


supply. 


Despite their success with Eurelios, the EC scientists warn against excessive 
hopes; since the capacity of such a power station depends on the size of the 
mirror field, such installations must encounter geographic difficulties in 
densely populated Europe. According to an Ispra rule of thumb, a capacity of 
100 megawatts requires a mirror field of 1 square kilometer. 


If the EC Europeans were to cover their annual requirement of 1 trillion 
kilowatt-hours of electricity with Eurelios-like power stations, Europe 
wo. id look like a nightclub dancer's glittering, sequinned dress to the 
cameras of the satellites. 














About 1 percent of the total ara of the EC countries would have to be 
sacrificed for mirror fields, approximately as much land as is already 
surfaced for Europe's roads today. "Not desirable,” commerits even Joachim 
Gretz, solar energy researcher of the Ispra team, with regard to such future 
expectations. 


In addition, such solar power stations always lose usefulness the farther north 
they are built. Whale the scientists estimate the annual “energy harvest" in 
sun-rich 'taly at 300 kilowatt-hours per square meter of mirrors, the 
correspondins average for the Federal Republic is merely 150-200 kilowatt- 
hours. This is only a little more than the sun would yield in the neighborhood 
of London--about 100-120 kilowatt-hours. 


Consequently, would Eurelios be progress without a future? Surely not. 
Smaller installations of this kind could soon relieve the electric current 
needs of communities or even city districts. In the Europe of the future 
they will be the pegs of a decentralized supply system. 


The very large mirror power stations will not, however, be located in 
Europe, in the view of the EC scientists. As future locations of extended 
mirror areas, the Ispra researchers have found, for example, regions in 
which the available space and strong insolation meet almost ideally: the 
Sahara, an area the size of the United States, or the deserts of Arabia. 


The scientists expect that here there will be, in addition to thermomechanical 
installations of the Eurelios type, new kinds of solar power stations 
supplying Europe and Africa with energy--power stations which transform 
sunlight directly into electricity. 


According to a majority of the researchers, “photovoltaics” is the trend of 
the future. In this system sunlight is transformed directly into electric 
energy by the use of semiconductors, without the high-requirement mirror 
fields. Ispra researcher Gretz terms this: “Doubtless one of the most 
elegant technologies.” 


An expensive elegance: Today a kilowatt-hour of silicon semiconductor 
technology costs 800 pfennigs. An atomic power station supplies the kilowatt- 
hour for 5-10 pfennigs. 


Semiconductors become even more expensive if their performance is compared 
with traditional power stations, operated 24 hours a day with oil or coal. 
Since solar power stations supply energy for only 6 to 8 hours, they are 
also amortized 3 to 4 times more slowly. 








This, experts aver in Europe as well as America, wil] change within the 

coming 10 years. In this time, in fact, solar researchers expect the 
necessary “breaktl.rough technologies” in photovoltaics, when prices should 
plummet as a result. And then the kilowatt-hour of electricity supplied by 
semiconductors with solar insolation will only cost between 20 and 60 pfennigs. 


With such prices, photovoltaic solar power stations would have a future in 
Europe also. This is because, other than the thermomechanical models, they 
have sufficient capacity with diffuse and moderate sunlight. 


However, Europe's energy researchers expect far more than merely a further 
source of electric current from this type of power station. They expect 
from photovoltaics the fuel which in the future can be the most important 
means of powering European industry besides nuclear energy: hydrogen. 

The cleavage of water into hydrogen ani oxygen has not been a technical 
problem for some time. However, such electrolysis consumes so much energy 
that hydrogen production is simply not economical at this time. 


In the African and Arabian deserts photovoltaic solar power stations are 

thus supposed to generate this electricity cheaply to make hydrogen production 
economical, since water as a raw material has for a long time been considered 
by scientists as the ideal replacement for coal and oil. 


With a specific heat 3 times as high as that of oil and gasoline, hydrogen 
is indicated as secondary energy of the first order. In addition, its 
Storage and transport capabilities constitute further good properties of 

a secondary energy source. 


By the beginning of the next millenary, Europe's researchers believe, power 
Stations in the sun-rich regions of Africa and Arabia will be producing this 
fuel. Through a network of pipelines which will connect Africa with Che 
European continent, gaseous hydrogen will be pumped into the existing natural 
gas networks. 


Synthetic materials made from hydrogen, such as methanol and ammonia, will 
be transported to Europe as fuel. Hydrogen as well, liquefied as oil is now, 
will be supplied to Europe by tankers. 


Environmental catastrophes such as those caused today by tanker collisions 
off Britany or the coast of South America would then be out of the question. 
Tanker accidents of the future will in fact jeopardize only the captain and 
crew. 


Because hydrogen volatilizes very rapidly during an accident, there will be 
only two extreme alternatives for future tanker crews: The valuable fuel 
volatilizes harmlessly in the atmosphere--or a mighty explosion destroys ship 
and crew. 








However, the hydrogen age still lies in the distant futv-e--according to 
estimates of EC energy researchers, at least 40 years. In what ways, however, 
will the Community of Nine, which at present uses more than halir of the 
available energy for heating water to under 100° [C] utilize the sun in the 
next few vears? 


In their 5-year research project the EC researchers in Ispra have not found 
much that is encouraging. At first they started with the assumption that 
solar radiation, which heats water to temperatures of 95 degrees without 
concentration, could be used for heating houses. 


Flat collectors of 40 square meters installed on the roof of a house, 
according to the scientists, could reduce the household's oil consumption by 
over half. 


To be sure, such solar collectors are not inexpensive. The house owner must 
at present spend DM 400 per square meter if he wants to re-equip his house 
for solar heating--all this in the hope that with present oil prices his 
investment of DM 20,900 to 30,000 will perhaps be amortized in 10-12 years. 


This hope is illusory, the Ispra researchers have found. Solar collectors, 

as offered on the market at this time by European industry, have only a 

short life. Only a very few of the solar receivers tested in Ispra worked 

for more than 3 years. Thus, solar heating for the individually owned house, 
recommended even by German ministers of state, has proved to be a recommendation 
for an expensive, bad investment. 


Above all, economies can be achieved when a house is well insulated. This 
saves more than the use of solar collectors, as proved by an experiment in 
Denmark. There 3,500 liters of heating oil were consumed annually in a 
10-year-old house. At the beginning of the 1970's, a new house with the 
same dimensions and the same amenities, but above-average insulation, was 
built next to the old house. Oil consumption in 12 months: 850 Liters. 


Nevertheless, solar collectors will contribute to the improvement of Europe's 
energy balance in the future. But these will be not so much collectors from 
the factories ase solar collectors in nature: plants, which transform sunlight 
together with carbon dioxide from air and water into sugar, starch and 
cellulose. If the products of this photosyrthesis of plants are fermented, 
something like met ane is formed, a “blomass™ which can be used as a fuel. 


According to the calculations of the Ispra energy researchers, a German 

mixed forest grows annually by 1 to 1-1/2 kilograms per square meter. If 

this wood is fermented, methane is formed with a heating value of up to 3,000 
kilocalories per kilogram of wood. The trees have accordingly been able to 
transform sunlight with extremely low efficiency--0.35 percent--into fuel. 

In this way 200 billion tons of such “blomass” are produced on earth annually-- 
10 times more than the energy consumed by the population of the world. 








An Irish research council has already ascertained in a study that total 
Irish energy consumption could be assured from 10 percent of the area of tie 
Emerald Isle through such bloconversion. 


There are also, however, plants whose efficiency in converting sunlight into 
enerzy is appreciably higher than that of the German oak, beech and birch. 
Sugarcane, corn and soybeans have, according to scientists. an efficiency of 
3-4 percent as the most hard-working producers of biomass. The Brazilian 
government has been financially supporting the construction of installations 
for fermenting sugarc ine since 1975; starting with the coming year, it wants 
to cover 20 percent of the total fuel demand with the ethyl alcohol thus 
produced. 








However, utilization of biomass is only a beginning toward using the natural 
capabilities of plants to transform the sun's rays into energy. Theoretically, 
ic is conceivable at this time that plants can be "violated" in such a way 

that instead of growing they will furnish energy. 


Plants, like photovoltaic solar power stations, produce the desired hydrogen. 
To be sure, this is only for a short time, anc then the hydrogen assists with 
the formation of starch and cellulose. Here man will intervene in the next 
century. Te reaction of Light in the plant, in which the water molecule is 
split into electrons and hydrogen ions, is separated by synthetic means from 
the succeeding reaction in the dark. 


The plant is “trained” to produce hydrogen. Ispra scientists do not consider 
it at all odd to expect that in 100 years a blooming rape field will impress 
people out for a walk as, above all, a beautiful power station. Energy 
researcher Gretz states: “Hydrogen production of this kind would be clean, 
inexpensive and not harmful to the environment.” 


The EC energy policy makers will not live to see this beautiful world. Pictures 
of energy sources harmless to the environment give them little solace in their 
search for ways in which the growing energy deficit of the Community of Nine 

can be halted as rapidly as possible in the coming ears. 


However, there is a region on the EC's northern rim which could ease Europe's 
energy worries appreciably in the next few decades: Greenland, which as a 
part of Denmark is a member of the Club of Nine, could become the energy 
dispenser of the community. 


On the cold island, masses of meltwater drop far more than 1,000 meters int» 
the depths annually. Scientists have already calculated the energy potential 
of these waterialls: 1 trillion kilowatt-hours per year--the exact amoung of 
electricity which the 240 million people in the European Community consume 
annually. 
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ALSTRIA 


USE OF CATTLE DUNG AS ENERCY SOURCE DISCUSSED 
Vienna UNSERE UMWELT in German No 32, 1979 pp 5-6 
[Unattributed article: "Cattle Dung As Energy Source™] 


[Text] The worldwide energy crisis in 1973 intensified the search for 
“alternate possibilities” of harnessing energy. 


In order to assure rapid and effect!ve ise of alternate methods of har- 
nessing energy, energy conversion s\.:iems already in use were to be 
applied as far as possible. 


The largest portion of energy converters (boilers, motors, turbines and 
others) work with the relatively expensive and non-renewable fossil fuels, 
such as oil, coal and gas. Alternate methods working on the basis of 
materials which resemble these fossil fuels have the greatest chance at 
early and cost-favorable utilization, «ince they can be based on tech- 
nologies which have been tested over quite a number of years. 


Biogas for Agriculture 


The harnessing of biogas from organic waste materials represents at the 
present time the only possibility of using an alternate energy source in 
all energy converters already in existence, 


Method 


Anerobic fermentation--that is, fermentation without adding oxyvgen--of 
decomposable substances, such as liquid animal manure and plant ayn pe 
releases per kilogram of organic dry mass between t 2 Nm? and 0.8 Nm 
biogas with a lower heating value of 5,000 keal/Nm? 


The usable part of the gas, the methane (CH, ), corresponds to the natural 
gas already in use. 


Using biogas in conventional gas boilers, gas turbines, motors and so forth 
does not create any problems from a technical point of view. 





In addition, the decomposed organic matter exhibits, as compared to the 
conventional organic fertilizer, a considerable improvement in fertilizing 
action, and also guarantees deodorization. 


Advantages for the Austrian Economy 


By careful estimates a gas volume of approximately 1,000 . 10° nm? of biogas 
could be generated in Austrian agriculture after the short-term utilization 
of biogas facilities within the next 5 to 7 years. This amount corresponds 
approximately to the heating value of 500,000 t of diesel oil at a present 
value of at least 1.5 billion Austrian schillings--or the power of two to 
three Danube power plants! 


Advantages for Agriculture 
Depending on the type of cattle and number, agricultural units could save 
up to 100 percent of overall foreign energy costs for oil, coal, current 


and sc forth with the production of biogas. 


In favorable cases, as for example in industrialized, large-scale animal 
husbandry, even a production of excess energy is conceivable, 


Gas Yields in Solaris--Biogas Facilities 


Type of animal Live weight Gas yield 

1 cow 500 keg 0.75 m/day 
l pig 80 ke 0,1 m?/day 
10 hens at 2 kg each 0,1 m?/day 


A farm with, for example, 100 head of breeding cattle at an average waseet 
of 350 kg live weight may expect a possible biogas yield of 60 to 100 Nm3/day. 


This heating value is equivalent to that of 40 to 70 liters of heating oil. 
Solaris biogas facilities are economically profitable starting at 
10 GVE [live weight unit of cattle = 500 g]. 


The relatively uncomplicated construction of the Solaris biogas facilities 
also assures interference-free operation and low maintenance costs, 


Increased Value Yields by Biogas Facilities 


On the basis of experience gained in the Federal Republi. of Germany and 
in Austria, the use of biogas facilities may lead to an increase in 
economic value yields from animal husbandry by approximately 20 percent. 


Even without taking into account the favorable effects on the Austrian 
trade balance, the use of biogas facilities would also contribute sub- 
stantially to a strengthening of the agricultural sector. 


Since early 1979, the Austrian Solaris Company, which had proven itself for 
a number of years in the construction of solar facilities, organized the 
planning, manufacture and sales of biogas facilities for agriculture. 
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AUSTRIA 


BIOGAS AS ENERGY SOURCE FXAMINED 
Vienna UNSERE UMWELT in German No 32, 1979 pp 6-7 
[Article by Prof of Engineering Rudolf Wicha: "Energy From Biogas") 


[Text] The necessity to obtain energy is today a more topical subject 
than ever before. 


It is not because the start of operations in Zwentendorf led to negative 
results, since this would only have been the first, but rather because 

energy will with certainty become more expensive in the future. Proof of 
this was produced last year if one takes into account only the price 
increases, regardless of possible shortages, Nothing better can happen 

in our lives than to be able to state that "we are independent--autonomous,.” 
Well, to be completely autonomous is hardly possible, but perhaps independent 
to a large extent. The reprocessing of liquid manure in agriculture already 
brings an individual who can take advantage of this large step forward on 

the road toward independence on the basis of his animal stocks. 


The generation of biogas; 


1. The biogas develops, among other things, in the fermentation process in 
the manure pits. For example, up to 15 m’ of biggas can be generated per 
day from 1,000 liters of liquid manure, with 1 m corresponding to approxi- 
mately 1 liter of liquid gas, and this liter again being equivalent to one- 
half liter of premium gasoline, 


Nothing is easier in our country than the continuing procurement of the 
basic raw material of liquid manur«, which is always available in sufficient 
amounts. In airtight containers with approximately 10,000-liter content, a 
fermentation process develops which heats the manure, This produces 
bacteria which, in turn, create the combustible methane which can then be 
used to advantage in the most diversified ways, Natural gas contains 
approximately 80 percent methane, 


The entire explosion-proof low-pressure gas facility is connected to the 
manure container. With its gas compressor, the gas purification device 
fed by the water and the gas storage container with high pressure valves, 
it allows a type of gas recovery which is in principle closely related to 
the wood-distilling aggregates, 




















2. The biogas can also be converted into liquid gas and thus into an en- 
vironmentally acceptable, leadfree fuel for gasoline engines which, in 
addition, protects the engine. 


3. The composition varies with the nature of the organic material decomposed. 
In each case, the largest component is t!< simplest hydrocarbon methane (CH4); 
additional components are carbon dioxide C02), nitrogen (N), hydrogen (H), 
and some hydrogen sulfide (H2S). A total of 70 percent of the biogas is 
methane; the carbon dioxide content depends on the temperature of the 
decomposition process and decreases in proportion to the temperature. 


The heating value lies at 24,700 kj (5,900 kcal/m3) and can be increased by 
rinsing out the carbon dioxide to approximately 37,680 kj (9,000 kcal/m3). 


4. Larger farms may have their own gas plant in which they also generate 
electrical current. Here it is appropriate to have village communes 
combine and form a joint distributor system. 


In areas with a humid climate the drying of hay, corn and grain is done 
with biogas burners, so-called heating cannons. 


This is not even taking into account that the work is quite independent 
of the weather! 


The technology of biogas production has already been mastered perfectly. 


The manure is fermented in fermentation containers at a mesophile temperature 
of 35°C and an average duration of 30 days. The biogas formed is collected 
in a gas container, whence it is conducted to the areas of utilization. 

The subsequent energy transformation can proceed by means of conventional 

gas burners for heat generation in hot water heating facilities or for 
electrical current generation in a gas motor generator aggregate. The 

first facilities are amortized in 5 years at the latest. 





The long duration (approximately 30 days) until gas formation which has 
been customary to date can be shortened by appropriate measures, Corres- 
ponding tests are already planned at the agricultural university. 


Such biogas facilities become economically feasible with at least 20 GVE's 
(1 GVE = 500 kg of live weight), This amounts to 20 cows or 200 hogs or 
3,500 hens, 


(Austria has 2.5 million cows and 3.8 million pigs,) From the waste of 

1 GVE we can expect a daily amount of 2 m biogas, an amount approximately 
equivalent to 1 liter of heating oil. The dung of 1 GVE per year then 
contains an energy potential of approximately 360 liters of heating oil. 
Accordingly, on an average Austrian farm with 20 GVE's, we find at the 
present time an energy potential of about 7,000 liters of heating oil per 
year lying unused. 
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Biogas is nontoxic and burns without residue. No ashes, no soot, and the 
burning process can be automated easily, which is of importance given the 
acute worker shortage in agriculture. 


Now, with regard to the MVG Whey Sales and Reprocessing Company. 


The company has set itself the task to manufacture the appropriate biogas 
facilities in the proper size [and] to take on all consulting and servicing 
for the facilities. The reason for this is simple: The stable units of 
the whey fatteners correspond to a certain size unit. 


The animals, which have been fed liquid whey, have a very uniform feed 
base. The quality of the manure is thus very uniform and consists, because 
of the liquid feeding with whey, largely of liquid dung. No additional 
preparation of the manure with water dung is necessary, which prevents any 
possible gas loss. The preparation of the manure with biogas, which 
prevents offensive odors in larger stable units, encourages more farmers 

to build liquid feed facilities on the most advanced technical bases, 

which again assures increased whey sales. 


This leads to: 1. Greater possibilities for stable building in agricul- 
ture. 2. Better utilization of in-house feed production, especially 
when using whey yeast cream, which in turn leads to further independence 
of protein components (saving in imports). 


3. Generation and use by the agricultural unit of its own additional 
energy for many purposes, 


4. Additional accumulation of excellent bio-manure and possible revenues 
from it. 


Looked at as a whole, this is a further step toward complete recycling. 
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AUSTRIA 


IMPROVED USE, REUSE OF SPENT OIL PROPOSED 
Vienna UNSERE UMWELT in German No 32, 1979 pp 23, 2h 


[Article: "Recycling Possibilities for Spent Oil and Other Mineral Oil 
Residues" ] 


[Text] The consumption of energy and raw materials of all kinds cannot 
go on unchecked ad infinitum. The supplies are every bit as limited as 
the capacity of our environment to handle the emissions or waste products 
forming in the process. 


Recycling is often praised as a miracle cure for the solution of both 
problems, like a perpetuum mobile. 


We shall make an attempt in the following article to illustrate more 
clearly the possibilities of reuse for several typical types of mineral 
oil waste in order to point out on the basis of these examples how narrow 
in reality the boundaries of an overall economically logical recycling 
are drawn. 





As a first example we shall investigate spent oil utilization: The concept 
of spent oil is not defined in Austria, but contrary to the concept in 
Western foreign countries, it usually includes residues of all four types 
of heating oil, provided they are not considered tank sludge. In the 
foreign countries of the West, it includes appropriately treated and in 
part individually collected spent lubricating oil, primarily after use in 
motors. 


This difference in concept always leads to misunderstandings, especially 
when experience values from the Federal Republic of Germany, shortened by 
a tenth power, are used as a basis for reuse considerations in Austria. 
At the present time, spent oil--which, incidentally, in order to bring an 
end to a legend, has not been discarded for a long time by the tens of 
tons, but is used as an economically interesting fuel (if we disregard 
amounts accumulating in small trade or privately, whose removal would not 
be economically feasible)--has at present the following conventional 
reuse possibilities: 
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l. Burning in enterprises which have a fairly large heavy heating-oil 
or medium heating-oil facility. 


The spent-oil accumulation of the enterprise and frequently also that from 
nearby smailer companies is here admixed, after more or less expensive 
cleaning, to the heating oil and burned as an energy source. 


Environmentalist protests could be made against the substitution of heating 
oil and spent oil because of the contaminants contained in the lubricating 
oil additives. However, this can be countered with the fact that compared 
to many other heating materials the desirable low sulfur content makes 

up for this drawback. 


This type of reuse, of course, is not inthe economic interest of profes- 
sional spent-oil users and spent-oil collectors, but in an economic 
observation, taking into account all relevant criteria, this is a sensible 
approach for the following reasons: 


From the point of view of a company in which spent oil accumulates, the use 
of 1 ton of spent oil is the equivalent of approximately 0.8 tons of 
heating oil, at an average purchasing cost of about 2,000 schillings per ton, 
thus about 1,600 schillings. 


Depending on the distance from a reuse facility, at the present time between 
0 and 2,500 schillings per ton--or an average of 1,000 schillings per ton-- 
of spent oil must be estimated for transport and handling costs when 

turned over to a collector company. 


In addition to the company saving about 2,600 schillings per ton of spent 
oil, the energy saving through the eliminated transport from originator 
to collector and thence to the disposer or reuser must also be taken into 
account in national economic observations, every bit as much as that for 
the transport energy use necessary for the delivery of an equivalent 
amount of heating oil from the importer or the refinery to this company. 
Also to be considered is the saving of the heat energy to be spent on 
crude oil distillation as well as the amount of heating oil substituted 
by spent oil, which would have to be imported as crude oil or heating oil. 


The substitution of heating ofl and spent oil directly at the site of 
accumulation or in a nearby company will therefore not be welcomed by 
collectors, disposers, resuers, the heating oil and transport trade, but 
it has increasingly favorable aspects with respect to transport savings 
and therefore energy savings. 


Of course, the preliminary technical prerequisites of the heating facility 
in which spent oil is burned in conjunction with heating oil must fulfill 
the environmental protection requirements, 
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2. Burning in Enterprises Having a Spent-oil Burner 


Since the governmental authorization required for installation of spent-oil 
burners (company facility authorization) is necessary, and thus fundamental- 
ly a safeguard is given for boundary values in emissions that are envirop- 
mentally not excessive, spent-oil burning in such companies corresponds *> 
the economic advantages already described under Point 1, with extensive 
consideration of environmental protection requirements. 


3. Rerefining of Spent Oil and Reuse as Lubricant 





This utilization, which is optimum in the sense of the recycling idva, 
loses some of its attraction at second glance. 


First, the situation in Austria is not quite comparable to that of our 
neighbors. Austria has its own crude oil which, contrary to that used as 
a rule as a basic oil for lubricant production does not have a paraffin 
base but a naphthene base. 


In addition to certain advantages of this type of crude oil, it has the 
drawback of being found relatively rarely on a worldwide basis and of not 
having distinctly good high-temperature properties. 


Understandably, lubricants are therefore often generated in Austria from 
basic oils of the type optimally suited to the use in question. For this 
reason the spent-oil mixtures accumulating in Austria contain both basic 

oil types, which causes the positive properties of each individual type 

to be less noticeable. A rerefined product obtained from such a mixture 

con therefore not generally be used as a substitute for initial refined 
products, a fact which naturally results in a lower value and thus a 
problematic economic feasibility. This establishes the limits of rerefining. 


In addition to this specifically Austrian situation, some other points 
should be considered, 


In the refining process, a number of products with very different market 
prices are obtained from crude oil whose quantity ratio to each other 
cannot be arbitrarily changed. Considerable sales changes 19 a fraction 
affect the yield from the entire remaining group. Lubricatiig oil 
fractions, for example, as they necessarily accumulate in crue oil 
processing, would have to be admixed to heating oils if they cannot be 
sold as lubricants. It is clear that the group yields necessary to cover 
all costs would then be distributed in a different way, and would have to 
be carried by the less expensive heating oils, 





The rerefining of spent oil requires a considerable investment which is 
economically defensible only if sufficient amounts are available; that is, 
if spent oils are no longer burned but are only rerefined. 
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This necessity of large flow rates, which cannot be changed, requires a 
large-scale collection operation, which must be oriented not according to 
the necessities of environmental protection or cost optimization for the 
originator, but according to maximum quantity yield. This collecting 
activity, on the other hand, means in addition to its costliness acconm- 
panying transport energy expenditures. The higher fuel expenditure 
necessary for this would have to be compared in a total evaluation of the 
corresponding importer savings in basic oil and also be taken into account. 
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AUSTRIA 


DEVELOPMENT OF NEW VEHICLE ENGINE REPORTED 
Vienna UNSERE UMWELT in German No 32, 1979 p 28 
[Unattributed article: "Engine Development in Austria™] 


[Text] As international statistics show, approximately 
20 percent of the energy generated all over the world 
is used in transportation, and about 75 percent of this 
for road traffic. The necessity of lowering expendi- 
tures in energy for transportation as much as possible 
was taken into account by the Interna! Combustion 
Engines and Measuring Technology Co. Ltd, Professor 
List, Graz, and a concept for a vehicle engine was 
developed which, on the one hand, allows savings 

in mir:ral oil with equal power and, on the other 

hand, adheres to the waste gas regulations which 

have become more stringent in the last years, thus 
corresponding to better environmental protection 
conditions. 


Whereas diesel engines for cars and light trucks operate at present without 
exception on the so-called chamber method, invention and development by the 
AVL are geared to developing a combustion method with direct fuel injection 
for the diesel engine as well, which will both reduce fuel consumption by 
15 to 20 percent and reduce the burden on the environment. The results 

of the research and development work carried out since 1974 produced a 
model of a 2-liter prototype engine with four cylinders and direct fuel 
injection with 46 horsepower. 


The results of these research endeavors to date are so encouraging that 

now the development of the prototype of a four-cylinder and a six-cylinder 
diesel engine with direct fuel injection is planned, The development costs 
for the 2-liter model diesel engine have amounted to date to 24,6 million 
schillings, of which about 7.4 million schillings were raised from loans 

of the Trade and Industry Research Promotion Fund, and 1,8 million schillings 
came from the Federal Ministry for Construction and Technology--the Technical 
Testing Section. The development of prototypes of the four- or six- 

cylinder diesel engine with direct fuel injection, on the other hand, has 
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required more intensified development work by the AVL and financial expen- 
ditures in the amount of a total of 26.5 million schillings by the end 

of 1979, which are borne by the Federal Ministry for Science and Research 
(19.5 million schillings), as well as by the Trade and Industry Research 
Promotion Fund (7 million schillings). In order to use the research 
results obtained, an exclusive contract was concluded between the AVL and 
the Steyr-Daimler-Puch Co, which guarantees to the company exclusive 
production and sales rights for these light diesel engines for a period 

of 7 years. 


Coordination of the research and development work to be carried out within 
the framework of this project is to be handled by a coordination committee 
to which belong one representative each from the Federal Ministry for 
Science and Research, the Trade and Industry Research Promotion Fund, the 
AVL and the Steyr-Daimler-Puch Co. 


17 








FEDERAL REPUBLIC OF GERMANY 


USE OF GLASS LININGS IN INDUSTRIAL SCRUBBERS DISCUSSED 
Graefelfing ENERGIE in German Jul 79 pp 260-261 


[Article by Dr Ekkehard Schacht, Ceramic Chemistry, director of materials 
development, Montabaur: “Corrosion Protection Through Class] 


[Text] The components of flue-gas scrubbers are 
extensively exposed to corrosion trom sulfur com- 

pounds. Flake-glass coatings provide a noncorrodible 
layer in such cases because they are made of glass flakes 
and resin binders. This has been available for years 

in Japanese markets and is now being offered on the 
German market as Kera-flake by the Kerachemi [Ceramic 
Chemistry] Co. 


With a special manufacturing process it is possible to shape C-glass from 
the melt into lamina with a thickness of 0.002-0.005 mm and a diameter 

of 3.0-3.5 mm. The density of such lamina is 2.5 g/cm. Smaller particle 
sizes dowa to 0.4 mm diameter can be produced by pulverizing these glass 
flakes. Because of the lamina-shaped structure of the solid particles, 
suspensions of glass flakes in liquid media show pronounced orientation 
phenomena in flow processes. The lamina group themselves in certain 
directions according to the shear gradient. Thus, extremely advantageous 
properties can be achieved with the use of a suitable coating technique. 


All substances that are suitable as binders for glass fibers also lend 
themselves to use as binders for glass flakes. Among them are unsaturated 
polyester resins, bisphenol polyester resins, hetacid polyester resins, 
vinylester resins and epoxy resins. 


All these binders differ in respect to their thermal and chemical re- 
sistance and their costs. Thus, one is in a position to adapt coatings 
to the specific appli. ation purpose. 


The actual coating materials are pasty masses of filler which, by way of 
comparison, are also familiar from other synthetic resins. In the case 
of unsaturated polyester resins and vinylester resins, hardening takes 
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place via radical polymerization and in the case of epoxy resins by 
polyaddition. The respective hardening agents are added just before use. 
Accordingly, the dropping time of the mass is limited; it must be applied 
to the base within 30-60 minutes. Final hardening takes place at room 
temperature and takes anywhere from hours to days. The process is 
accelerated by higher temperatures. 


The structure of a complete flake-glass coating is illustrated in the 
diagran. 
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Schematic Diagram of a Flake Glass Coating 


Key: 

Cover layer, 0.2 mm 

Second layer of filler, ca. 0.9 mm 
First laver of filler, ca. 0,9 mm 
Primer, ca. 0.1 om 

Base (steel or concrete) 
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The coating is structured as follows: 
The steel! base is sandblasted to a metallic shine; 


Shortly after that, a primer appropriate to the coating system being used 
is applied by brush, roller or spray; 


After that hardens, the first filler coat of the actual flake-glass coating 
with a thickness of about 0.9 mm is applied; in the process the catalyzed 
mass is applied to the base, smoothed and worked while it is still fresh 

in such a way that voids are removed and there is ideal parallel alignment 
of the lamina; 


Then comes a second application of filler which is worked just like the 
first one; 


Finally, the cover layer (coloring is also possible) is then applied with 
a brush or roller; in special cases, thin glass fibers cr fibers of carbon 
are also incorporated; 


Testing for pore density with an induction coil is the final stage in 
any coating job. 








Properties of the Flake-Glass Coatings 


The coating masses are differentiated especially on the basis of the kind 
of binder. The types listed in Table 1 have proven to be especially 
good for use in technical corrosion protection. 


Table 1 
Conditions of Use 
Coating Type Binder Chemical Thermal "¢ Other 
Liquid Gas 
Kera-Flake 3 unsaturated iso- acids 80 90 -- 
phthalic acid 
polyester resin 
Kera-Flake 4 bisphenol acids 80 90 -- 
polyester resin alkali 
Kera-Flake 5H “Het” acid strong 100 120 flame- 
acid, resistant 
oxidizing 
ac id 
Kera-Flake 6R vinylester acids 90 100 -- 
alkali 
Kera-Flake 6H vinylester acids 120 150 heat 
solvents 
Kera-Flake 6S vinylester strong 110 130 flame- 
acids resistant 
alkali 
Kera-Flake 100 epoxy resins alkali 70 80 
weak 
acids, 
salts 


100 Flakes Per Millimeter 


Among these seven coating types, Kera-Flake 6R has the greatest range of 
use and is most frequently used, Table 2 provides some physical data for 
this type of coating. 





Table 2 


Physical Properties of Kera-Flake 6R 


Property Test Method Unit Value 

Tensile strength DIN [German industrial N/mm? 40 
standard] 53 455 

Flexural rigidity DIN 53 452 N/mm2 80 

Elasticity modulus DIN 53 457 (flexure) N/mm? 8,000 

Adhesive strength ? 

(etee!) Shear ing N/om 13 
Abrasion resistance Taber (weight loss) mg 40 
Thermal expansion -1 -5 

coefficient . x10 
Steam permeability ASTM-E 96-66 g/a*h Torr 0.01 


[American Society of 
Testing Materials, 
Misc. Subjects] 


The fact that a number of properties are anisotropic is a special advantage 
in these coatings. This is due to the fact that the thin flakelike glass 
particles, on the basis of their form and the method of application, are 
aligned strictly parallel to the coated surface. The amount of binder 
between the individual flakes is relatively small in the directions 
parallel to the surface. It is cleariy higher when vertical to the sur- 
face of the base. It has bewn established that approximately 100 glass 
flakes lie on top of each other in every millimeter of layer thickness; 

the gaps are filled with binder. 


Thus, in this multi-substance system, the glass flakes form, to a certain 
extent, a two-dimensional framework for the synthetic resin phase. 


First of all, this anisotropy is noted as being advantageous in the 
shrinking during hardening. Because of the good bond between resin and 
glass flakes, the length change in the directions parallel to the surface 
is very greatly hindered, whereas it can have an unhindered effect when 
vertical to it. Because of this situation, residual stress is virtually 
excluded. 


The thermal expansion coefficient is also anisotropic in the same manner. 
In the planes parallel to the surface it is clearly smaller than when 
vertical to it. This can be explained by the fact that if the temperature 
is raised, no harmful stress occurs which could result in the separation 
of the coating. 








An additional advantage of the lamina-shaped structure of the filler is 
to be found in the fact that diffusing media have to take a very long 
path around the individual glass lamina in order to get to the base. The 
resistance to diffusion is, therefore, extremely high with such coatings. 


The coating is also higily resistant to mechanical effects. Shock or 
impact causes only small local damage which can easily be repaired. 
Friction produces only modest abrasion or small scratches and mars, 
respectively, since the glass lamina are very resistant to such influences. 


Finally, it must also be stressed that the coatings have extremely high 
electrical resistance. This makes possible repeated testing for pore 
density with the induction coil. 


A further advantage is the short hardening time. In case of damage, repairs 
are possible in a short period of time. 


The chemical resistance of flake-glass coatings is also included in general 
outlines in Table 1. Basically it is determined by the binder. Thus, 
coatings with unsaturated isophthalic acid esters should be used primarily 
with mild stress by acids or neutral substances. The well-known higher 
resistance to unsaturated polyester resins which contain bisphenol permits 
their use even if there are stronger stresses by acids and lyes. Hetacid- 
containing polyester resins are especially resistant to oxidative stresses; 
for example, nitric acid, chromic acid and the like. 


Coatings containing vinylester are characterized primarily by their high 
resistance to acids and lyes (Type 6R). Because of the chemical structure, 
the vinylester used in the Kera-Flake 6H can be used with high temperatures, 
but not with alkaline stress. In contrast to other binders, it also 

resists stress by a number of solvents, Epoxy resin binders are especially 
good against alkaline stresses and in many cases a’e also resistant to 
acidic stresses. 


Suitable for Flue-Cas Scrubbers 


Flake-glass coatings are used to protect containers, equipment and piping 
used in the chemical industry. According to the extent of the stress, 
they are used either as the only protection or in combination with an 
appropriately resistant lining, 


Flake-glass coatings have proven themselves to be especially good in flue- 
gas scrubbers which are coupled to outlets of coal or oil power plants, 
in order to reduce the environmental damage from sulfur divxide. 


Such systems always consist of a cooler, an absorber, flue-gas pipes and 
containers coupled to outlets for processing the absorber liquid (gypsum 
production). 
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Flue-gas and absorption liquid have temperatures between 60 and 80°C. The 
preferred flake-glass coating for the absorber is Kera-Flake 6R. For the 
most part, additional layers of protection against mechanical stress are 
not necessary. Nonetheless, formation of a surface on the horizontal 
areas that is resistant to wear and tear is recommended if limestone is 
used as the neutralizing agent. 


The flue-gas pipes, which take the gas from the absorber to the smokestack, 
must likewise be protected since the gas tends to form a condensate 

because of the high water content. Frequently the gas is also reheated 
following the absorber in order to inhibit the formation of condensate 

in the smokestack and the formation of a flue-gas streamer. The tempera- 
tures of the gas following heating run between 105 and 150°C. For this 
reason, for the most part Kera-Flake 6H is used for flue-gas conduits. 


In plants that produce gypsum a number of devices and containers with 
flake-glass coatings also need protection against corrosion. Thus, for 
example, storage tanks for the absorption medium and the oxidation tower, 
in which the calcium sulfite is oxidized to calcium sulfate, are equipped 
with a flake-glass coating. Since the temperatures in this instance do 
not exceed 60-80°C, the standard type, Kera-Flake 6R, is used. 


Flue-gas scrubbers are not only coupled to outlets of power plants for 
coal and oil, *hey are also incorporated into sintering plants used to 
produce iron. The chemical conditions in this case are similar to those 
in the power plant systems, but a stronger fluorine content is frequently 
seen in the cooling and absorption fluid. Also, the dust content of these 
flue-gases is frequently greater than in power plants. This fact must be 
taken into account in the design of the coating. 


Tested in Japan 


Because they are composed of glass flakes and resin binders, flake-glass 
coatings are protective coatings for structural units of steel and steel 
concrete which are affected by corrosion. They have been used extensively 
for many years in the Japanese market under the name Fuji-Flake to protect 
flue-gas scrubbers and recently are finding use in the same sector in 
Germany under the name Kera-Flake. Further areas of application for flake- 
glass coatings are present in many sectors of other industries in which 
corrosive media also have to be stored, transported or used. 
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FRANCE 


SOME FACETS OF 1980 RESEARCH BUDGET DESCRIBED 
Paris AFP SCIENCE in French 6 Sep 79 pp 2, 3 


[Text/ The 1980 draft budget for research includes, it is believed, the 
creation of some 709 new jobs, 374 of which are research positions. 


To these are added 597 nonlisted jobs. 


The funds for maintenance included in the framework of the research package 
amount to 8,235 million francs (in contrast to 7,251 million francs in 1979). 
The funds authorized for programs will be 6,244 MF (as opposed to 6,014 in 
1979). 


The total will be approximately 15 billion francs. 


A particular effort will be made in 1980 to promote the development of 
scientific and technical cooperation with our principal partners. For this 
purpose a program contract will be established between the Ministry of 
Foreign Affairs and the DGRSCT. 


--Young scientists will have greater access to research, due, in particular 
to the encouragement of mobility. 


--Research efforts will be oriented in veiw of valorizing the scientific 
and technological gains developed (information and communication technology, 
spatial, Oceanographic and biological technologies) and to intensify the 
effort in fields with great impacts on obtaining energy and raw materials. 


~-In order to improve the effectiveness and coherence of research, the 
elaboration of program budgets will be encouraged in research organisms 
and specific funding will be granted to laboratories which will cooperate 
with others in programs which conform to the research priorities. 


--The organization of “scientific interest groups," which permit scientists 
from different fields to work in common without establishing new organisms, 
will be developed in order to encourage decentralization of responsibilities 
and cooperation between laboratories, between organizations, and between 
private and public sectors. 








The president of the republic emphasized the necessity to put the French 


research effort in a long-term scientific and technical perspective encompasing 
the largest international view. 


He asked the secretary of state for research to unite the elements of this 
prospective in the form of a “white paper on the contributions of French 
scientific research for the 1980/1990 period." This white paper, which will 
be associated notably with the Academy of Sciences, will be published in the 
spring of 1980. Its periodical publication would be best foreseen by having 
a permanent report of French science and technology. Hereafter, a 10-year 
strategy of research programs would be a periodical reevaluation and 
reactualization of these programs, for example, every 3 years. 
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FRANCE 


MAJOR POINTS OF 10-YEAR RESEARCH PROGRAM OUTLINED 
Paris AFP SCIENCES inFrench 6 Sep 79 pp 1, 2 


/Text/ Mr Pierre Aigrain, secretary of state for research, presented the 
Council of Ministers on 1 August a report outlining the main points of 
research for the next 10 years. The main points of this report published 
by the Elysee after presentation to the council include: 


The goal that France must set for herself is to become first among industrial 
nations in the quality, effectiveness, and volume of research. The develop- 
ment and valorization of research efforts will thus permit not only a general 
increase in knowledge, but will also constitute an essential gain for our 
country to maintain its capacity of growth and well-being in the new world 
economic situation. 


The secretary of state, after having outlined the measures adopted since 
1975, presented the general orientation which had been approved by the 
Council of Ministers. 


--Public research funds will grow during the next few years at a pace such 
that the part of PIB of France assigned to research will compare progressively 
with that attained in industrialized countries of comparable dimensions and 
the most active in research. 


This strategy of research would depend on a white paper, periodically brought 
up to date as a function of research development and results, as well as 
deficiencies, and the socioeconomic imperatives of French society. 


A preliminary rough draft of such a paper appeared last June, in the form 
of a report of synthesis on the state of French science and technology, a 
real "instrumental panel" of French effort in this field in comparison with 
that made on an international level. 


In the preparation of the 10-year program of research, an important part was 
played by the French scientific missions tc foreign countries, whose work 
of synthesis was very useful. 


On 13 September 1979, at 1500 during a press conference on the research 
budget for 1980, Mr Pierre Aigrain will more fully explain the 10-year 
research plan. 
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FRANCE 


DETAILS OF 1980 RESEARCH BUDGET PRESENTED 
Paris AFP SCIENCES in French 13 Sep 79 pp 6-13 


[Text] Paris - Draft research budget for 1980 
Mr Pierce Aigrain, state secretary for the research was to present the 
draft research budget for 1980 on Thursday afternoon 13 September. 


It will be noted that program appropriations for the research package in- 
creased in 1980 by 10.5 percent in relation to 1979 and those of the strict 
research package by 11.5 percent. 


Of the 6644,241 millions of francs 418.6 millions are allocated to computer 
industries and applications and the rest is distributed in the following 
manner: 


--1642.8 for CEA of which 1262.8 MF will go for research 

--1157.7 MF for CNES 

--3425.1 MF for other organizations of which 1358.5 MF now will go for 
program maintenance, 1417.7 for contracts and 560.5 MF for equipment and 
computation machines. 


In connection with CEA and CNES the change in credits granted to them takes 
into account, besides the financing of programs they conduct, the modifica- 
tions of the budget changes to which these credits correspond. Because of 
this, the appropriations in 1980 are not strictly comparable to those of 
1979. 


For other organizations of the research package the 1980 draft budget project 
forsees a more rapid progression than the average growth of credits for 
the maintenance of programs which assure the running costs of laboratories. 


As to the running cost appropriations, 84.6 MF of new measures will allow 
the creation of 670 new jobs of which 374 are research posts, representing 
a rate of creation of research jobs of 2.7 percent, and 296 are posts for 
technical and administrative engineers representing an increase of staff 
ot 1.1 percent. 


While maintaining the regularity of rhythm in the creation of research jobs 
the 1980 budget project indicates a special effort to achieve better 
equilibrium between creation of research posts and creation of ITA posts 
(engineers, technicians, adminiscrators). 
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France Research Project 


Evolution of research and development credits 
subject to interministerial coordination 


Program authorizations 


Ministries and Agencies” 


— —_- —— — -——_— <— 





State Secretary for Research 

DGRST 

Research Fund 

Aid to development 

Industry 

CEA 

Research 

Other activities 

CNES 

CNEXO 

IRIA 

School of Mining 

IRCHA 

BRGM 

COMES 

Chapter 56-00 

Chapter 66-01 

of which ANVAR 
article 5l 
article 52 


Cooperation 
ORSTOM 
GERDAT 





Agriculture 
INRA 
CNEEMA 
ACTA 

L.A.A. 





Environment and Human Ecology 





Environment 
CSTB 

LCPC 

Others 
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(in millions of francs) 





A.P. 1978 A.P. 1979 
aw (2) A.P. 1980 
701,175 415,515 436,241 
382,175 370,01. 436,241 
319,000 45,500 (3) 

2,388,098 3,112,701 3,602,330 

1,135,570 1,400,000 1,642,834 

(890,500) (1,109,400) (1,262,834) 
(245,070) (290,600) (380,000) 
938,778 991,067 1,157,680 
137,783 149, 368 164,983 
54,518 35,099 39,187 
6, 200 6,200 5,900 
8,260 8,650 8,650 
23,960 26, 660 30,660 
- 63, 266 75,170 
6,540 6,202 5,352 
76,489 426,189 471,914 
‘ - 401,700 

- - 15,000 
71,600 77,690 86,690 
33,100 36,090 40,790 
38, 500 41,600 45,900 
150, 760 166,896 189,713 
142,000 147,896 170,713 
3,530 3,680 3,680 
5,230 5,320 5,320 

- 10,000 10,000 
86,270 83,334 82,673 
26,401 25,002 24,888 
12,530 13, 380 16, 380 
13,690 13,890 10,890 
33,649 31,062 30,515 


*|Expansions for acronyms will be found following the text } 





























A.P. 1978 A.P. 1979 A.P. 1980 
(1) (2) 
.Tansport — 172,550 191,565 186,078 
1.S.T.P.M. 7,170 7,990 8,600 
ERT 26,720 27,672 27,170 
D.M. 17,330 22,330 20,530 
Others 121,330 133,663 129,778 
Health and Social Security 240,400 276,531 278,880 
INSERM 171,683 204 ,689 234,690 
SCPRI 6,100 6,485 6,480 
Pasteur Institute Paris 52,917 59,177 29,750 (4) 
Pasteur Institute Lille 1,950 2,010 4,010 
Pasteur Institute Overseus 2,590 3,210 2,490 (4) 
Curie Institute 5,160 0,960 1,460 
Universities 1,114,636 1,203,728 1,308,919 
CNRS 734,636 796,510 874,199 
Research Mission 380 ,000 407,218 834,720 
Culture and the Media 22,280 18,286 19,373 
Other ministries 39,606 37,922 34,702 
DOM-TOM 16,900 17,700 17,700 
Interior 4,347 4,347 2,800 
Justice 2,400 2,219 - 
Labor 5,279 5,975 6,898 
Planning 10,680 7,681 7,304 
Total research package 4,987,381 5,584,168 6,225,599 
Computer industries & applications 585,800 430,739 418,642 
General total 5,573,181 6,014,907 6,644,241 





1) Taking into account annulment ordinance of 11/11/1978 and rectification 


tinance law of 29/12/1978 


2) Imitial finance law 


3) Credits transferred to the Ministry of Industry 


4) After transfer to title IV of 39.852 MF for the Pasteur Institutes of 


Paris and Overseas 


(37.627 MF and 2.225 MF respectively) 














Credits 


(‘n millions of francs) 





mer 





— =a = -_— 











Ministries and Agencies C.P. 1978 C.P. 1979 C.P. 1980 

; (1) (2) 
State secretary for research 630,495 495,840 535,601 
DGRST 
--Research fund 304 ,495 271,140 410,601 
--Development aid 326 ,000 224,700 125,000 (3) 
Industry 2,407,810 2,941,021 3,371,204 
~-CEA 1,155,600 1,421,700 1,615,834 
~-Research ( 925,600) (1,131,700) (1,235,834) 
--Other activities { 230,000) ( 290,600) ( 380,000) 
--CNES 968,778 991,067 1,158,480 
~-CNEXO 129,883 146,017 157,713 
--IRIA 51,800 36,999 32,587 
--School of mining 5,200 6,200 5,900 
--IRCHA §,260 8, 300 8,650 
--BRGM 23,000 25,500 28 ,600 
~-COMES . 48 436 51,900 
--Chapter 56-00 6,54 5,302 5,0 
--Chapter 64-91 9,00 15 0,214 
--Chapter 66-01 49,749 236,50 06 , 326 
of which ANVAR 

article 5l - - 180,000 

article 52 - ~ 6,750 
Cooperation 72,000 81,000 84 ,400 
--ORSTOM 31,000 39,000 38 ,400 
~-GERDAT 41,000 42,000 46,000 
Agriculture 135,500 170,786 161,893 
~~ INRA 127,000 153,486 149,913 
~-CNEEMA 3,500 3,000 3,680 
--ACTA 5,000 5,300 3,300 
~-I.A.A. - 9,000 5,000 
Environment and Human Ecology 14,897 92,277 79,543 
--Environment 17,401 25,801 19, 388 
~-CSTB 11,200 11,900 18,000 
-=-LCPC 12,000 13,610 9,000 
--Others 4 2% 40,966 33,155 


























C.P. 1978 C.P. 1979 C.P. 1980 
a (1) (2) 

Transports 14° ,979 182,556 175,238 
--7STPM 6,600 7,800 8 , 900 
~-IRT 17,6 20,229 29,000 
--DM 17,600 23,000 22,200 
--Others 101,179 131,527 115,138 
Health & Social Security 232,210 272,987 249,695 
--INSERM 168 ,183 193,815 206 ,000 
--SCPR* 6,100 6,485 6,480 
-~~Pas' -nstitute Paris 48,917 66,187 29,750 (4) 
-~-Pasteur Institute Lille 1,58 2,01 3,515 
--Pasteur Institute Overseas 2,27 3,53 2,490 (4) 
--Curie Institute 5,160 0,960 1,460 
Universities 1,024,2%6 1,2€9,988 1,268,409 
~-CNRS 656,736 862,770 838 ,689 
--Research Mission 367 , 500 407,218 429,720 
Culture and the Media 17,160 17,616 19,713 
Other Ministries 4,706 39,110 36 , 946 
--DOM-TOM 14,900 17,700 17,700 
--Interior 2,577 3,650 4,350 
-- Justice 2,190 2,989 1,360 
~-Labor 5,529 5,890 6,512 
--Planning 9,780 8,881 7,724 
Total research package 4,771,993 5,563,181 5,983,342 
Computer industries 6 applications 585,800 423,754 303,642 

5,357,793 5,986,935 6,286,984 


1) Taking into account annulment ordinance of 11/11/1978 and rectification 
finance law of 29/12/1978 


2) Initia) finance law 


3) Credi: 


transferred to the Ministry of Industry 


4) After transfer to title IV of 39.852 MF for the Pasteur Institutes of 
Paris and Overseas 
(37.627 MF and 2.225 MF respectively) 








Table II - Credit functions (in millions of francs) 














Credits Credits New 

Ministries and organizations voted 1978 voted 1979 measures 
ids ebendamencnetei isc = (1) _ _______ 1980 
Secretary of State for Research 

--DGRST 138,975 153,743 12,289 
Industry 2,294,739 2,577,576 208 ,914 
--C.E.A. 1,911,700 2,132,600 177,400 
--CNES 191,624 216,000 - 4,300 
--CNEXO 51,643 61,931 12,2/6 
--IRIA + CTI 49,733 60,946 10,8.2 
--Mining school 40,649 46,450 1,9€2 
~- I RCHA 13,913 15,633 1,983 
--BRGM 32,580 36,730 4,766 
--BNM 1,494 1,683 0,034 
--BNIST 0,981 1,115 0,240 
--Central administration 0,422 0,488 0,016 
-~-COMES - 4,000 2,205 
~-ANVAR - - 2,000 
Foreign Affairs 395,808 394,908 %4 950 
Cooperation 312,992 361,059 50,363 
ORSTOM 204 ,640 238,277 35,309 
GERDAT 108,352 122,782 15,054 
Agriculture 574,594 657,744 99,262 
INRA 555,308 635,627 97,704 
CNEEMA 12,517 14,341 0,908 
ACTA 3,290 3,820 0,519 
Prime research 3,479 3,956 0,131 
Environment and Human Ecology 81,252 92,871 11,095 
Environment 4,222 4,829 0,104 
CSTB 29,423 4,789 5,923 
LCPC 29,821 33,763 4,242 
Others 17,786 19,490 0,826 
Transport — 73,106 84 , 987 9,466 
ISTPM 26,559 31,008 4,094 
IRT 21,010 24 ,426 3,153 
DM 25,250 28,507 1,934 
Others 0,235 1,066 0,285 








Health and Social Security 





INSERM 

SCPRI 

Curie Institute 

Pasteur Institute Paris 
Pasteur institute Abroad 


Universities 





CNRS 
Research mission 
Culture and the Media 


——— 





Other ministries 





Justice 


Labor and Employee Participation 


DOM-TOM (TAAF) 
Plan 

Interior 

Trade and Crafts 


lotal research package 


Computer industries & applications 








302,897 360, 382 102,443 
291,086 341,543 55,653 
11,811 13,283 1,565 
- 5,556 0,671 

. = 42,066 (2) 

- - 2,488 (2) 
2,151,922 2,496,881 438,113 
2,098,475 2,432,503 423,100 
53,447 64,378 15,013 
22,831 27,672 7,614 
40,134 43,193 3,507 
6,987 7,969 0,588 
16,952 19,627 3,041 
13,089 2,226 0,156 
1,553 1,723 0,034 

0,280 0,297 . 
1,273 1,349 - 

5, 389,248 7,251,016 978,016 
_6,480 
984,496 


(1) Taking into account the annulment ordinance of 17/11/1978 and the 
rectification finance law of 29/12/1978 


(2) After transfer of Title [IV to Title VI of personnel credits 








Evolution by sectors 
The itemized evolution of program appropriations from 1979 to 1980 lists: 














1979 1980 Evolution 
(in MF) (in MF) in percent 
ee (2) — 

Space 991.1 1,164.0 17.4 
Ocean 206.5 231.2 12.0 
Energy and raw materials 838.6 980.6 16.9 

--Energy (788.8) (926.5) (17.5) 

--Raw materials ( 49.8) ( 54.1) ( 8.6) 
Industrial research 651.4 933.6 9.6 
Basic physical sciences 750.4 819.0 PP | 
Biological sciences 831.1 (1) 932.0 12.1 
Social and human sciences 199.0 215.9 8.5 
Environment and habitat 254.1 263.2 3.6 
International cooperation 128.1 150.6 17.6 
Others 494.0 581.3 17.7 
| TOTAL 5,544.3 6,271.4 13.1 


(1) Anticipating modification on addition of credits for personnel at the 
Pasteur Institutes of Paris and overseas. 


(2) Before deduction for inclusion of personnel without tenure and credits, 
for computer industry and applications (calculation plan) 


= 
Abbreviations in order of occurrence’ 


CEA--Atomic Foorgy Commission 

CNES--National Center for Space Studies 

DGRST--General Delegation for Scientific and Technical Research 
CNEXO--National Center for Exploitation of the Oceans 
IRITA--Research Institute of Information Processing 

BRGM--Bureau of Geological and Mining Exploration 
TRCHA--National Institute of Applied Chemical Research 
COMES--Solar Energy Commiss ‘on 

ANVAR--National Agency of Research Stabilization 
ORSTOM--Bureau of Overseas Scientific and Technical Research 


GERDAT--Groupine of Studies and Research 


INRA=--National Institute of Agricultural Research 











LNEEMA--National Center for the Study and Experimentation of Agricultural 
Machinery 


ACTA--[Expansion unknown } 

IAA--Agriculture and Food Industries 

CSTB--Scientific and Technical Center of Building 
LCPC--Central Laboratory of Bridges and Dams 
ISTPM--Scientific and Technical Institute of Maritime Fishing 
IRT--Transport Fesearch Institute 

DM--Meterological Direction 

INSERM--National Institute of Health and Medical Research 
SCPRI--Central Protection Service Against lonizing Radiations 
CNRS--National Center of Scientific Research 
DOM-TOM--Overseas Departments and Territories 

CTI--Technical Information Center 

BNM--National Meterological Bureau 


BNIST--National Bureau of Scientific and Technical Information 


B6H9R 
cso: 4102 




















FRANCE 


AREAS OF EMPHASIS FOR 1980 RESEARCH BUDGET OUTLINED 
Paris AFP SCIENCES in French 20 Sep 79 pp 2-5 
[Text] Research--up 12.2 Percent in 1980 


The total research budget, pending adoption by the Parliament, including 
operations and program authorizations, will be nearly 15 billion francs. 
This is only the credit submitted under overail research--that is, it does 
not include aeronautic, CNET [National Center for Tel=communications 
Studies], or military research. (Thus, for example, in 1979, out of a 
total credit of 1,136 MF [million francs] for civil aeronautics programs, 
outside of overall research, 765 MF were given to research and develop- 
ment tasks, compared to 709 MF in 1978 and 692 in 1977.) 


During a press conference of 13 September 1979, Pierre Aigrain, secretary 
of state for research, stated, "Overall, this budget has increased 12.2 
percent; that is, it will grow faster than the domestic gross product. 
This is the first time in years that this has happened with the research 
budget." Agrain emphasized that the privileged sectors in this budget are 
those of research in the fields of energy, life sciences, agronomy and 
agro-alimentary, ocean management and international cooperation. Below 
are the priorities within each objective. 


Aerospace 


Within the framework of the space program, a special effort will be made 

in 1980 to favor programs for research and development, development of a 
network for satellite tracking, and improvements for the Ariane launcher. 
In addition, there are plans for a grant for financing of CNES [National 
Center for Space Studies] participation in the establishment of the capital 
funds for an organization which will produce and market Ariane launchers. 


Ocean 


The 1980 budget includes an increase in credit intended for utilization of 
sea resources managed by the CNEXO [National Center for Exploitation of 
the Oceans]. Priorities will be research concerning utilization of Living 


36 

















matter and the marine environment. The grant intended for the CNEXO which 
will be included in this objective is to allow completion of the Mediter- 
ranean operations base and continuation of construction of an engine submer- 
sible to 6,000 meters (CYANA [expansion unknown]). Proposed ISTPM 
[Scientific and Technical Institute for Ccean Fishing] credit for 1980 is to 
build a new Laboratory at Arcachon. A particular effort will likewise be 
made concerning the universities and the CNRS [National Center for Scientific 
Research}. 


Encrgy and Raw Materials 


A significant priority is noted in the projected 1980 budget for energy. 

Nuclear energy programs designed to insure national autonomy in the area of 
plain water reactors will be accented, as well as research tied to breeder 
reactors (technology and reprocessing) and mastery of the cycle of nuclear 
materials (enrichment and reprocessing). In addition, a particular effort 


will bear on safety of nuclear plants, of the cycle of nuclear matter, of 
transport and of loss. 


Concerning the other sources of energy, the rapid increase of money dedi- 
cated to solar energy will be maintained, permitting development of pro- 
grams relating to the biomass, photochemical cells and the solar habitat. 
Authorizations for the COMES [Solar Energy Comnission] program will increase 
by 18.8% in 1980, compared to 1979. Research programs on the economics of 
energy will Likewise be privileged in 1980 in the group of industrial, trans- 
portation and construction sectors. 


As for raw materials, the main effort will bear on prospecting of deposits 
(geology and geophysical prospecting) and will essentially be conducted by 
the BRGM [Bureau of Geological and Mining Exploration]. 


Industrial Research 


The projected budget for 1980 in this area aims to insure an equilibrium 
between development or: research on applications of data processing and 
automation and development research in the other industrial sectors, notably 
those which are to accompany dissemination of the applications of data pro- 
cessing in these sectors. The effort made since 1979 in favor of research 
on the applications of data processing will be continued in 1980. In the 
other sectors, a new procedure to aid innovation as a replacement for both 
development aid and predevelopment aid will be managed by ANVAR [National 
Agency of Research Stabilization], which will also be in charge of distri- 
bution of the innovation subsidy. Concerning the sector programs for re- 
search aid, the programs for industrialization of the building trade (plan 
construction) and for innovation of transports will be more particularly 
sustained. Lastly, greater responsibility will be given to the large or- 
ganizations (CNRS, INRA [National Institute of Agricultural Research], 
INSERM [National Institute of Health and Medical Research]) which received 











additional grants for this purpose. If they so desire, these organizations 
will be able to sign conventions for this purpose with ANVAR. 


Basic Physical Sciences . 

The 1980 credit set aside for basic physical sciences for CNRS, AEC and 

the Research Mission oi the minister of universities is to begin improve- 
ments of laboratory equipment. The AEC ami CNRS grants are for carrying 

out construction of GANIL [large national heavy-ion accelerator] and com- 
pletion of ORPHEE [expansion unknown] reactor. Beyond this, construction 

of the millimetric radio astronomy institute could be taken on by the CNES. 
Last is the equipping of the hydrodynamics and physical mechanics laboratory 
of the Paris college of physics and industrial chemistry. 


Life Sciences 


In the Life sciences sector, particular priority will be given to basic 
biology, the major developmental axes of which are cellular and molecular 
biology, microbiology, biology and inter-cellular data, biology of repro- 
duction and development, and interactions between living organisms and their 
environment. This will particularly concern the Pasteur Institute of Paris 
and the CNRS. Dev:lopment of the major health programs (malignant tumors, 
heart disease, protection of mother and infant), with an accent on the field 
of mental health, will be pursued in medical research, where INSERM grants 
will increase 14.7 percent in 1980. Clinical investigation and public health 
research will likewise be favored. In the field of agronomy, outside of de- 
velopment of basic biology programs, research in bioclimatology, in mastery 
of genetic diversity and in soil cartography will be preferred. INRA grants 
will increase by 15.4 percent in 1980. As for the biotechnologies, research 
in the pharmaceutical field, in biological and medical engineering and in 
the agricultural and food industries will be continued and work in the field 
of genetic engineering (Pasteur Institute, CNRS, INRA, INSERM) will be in- 
creased. Particular attention will be paid to evaluation techniques of the 
ligno-cellulose heritage. 


Social and Human Sciences 


The encire contractual policy in the social sciences sector was the object 

of a reexamination in early 1979 which aimed to define a new utilization of 
incentive resources so as to insure a better distribution of funds over the 
pluriannual programs entrusted to the most dynamic teams. Within this new 
framework, the Research Funds of the DGRST [General Delegation for Scientific 
and Technical Research] will play an essential role. Beyond this is planned 
a meaningful effort in the field of heritage knowledge and preservation 
(ministry of culture and communication). 














Environment and Development of Space 


For this objective, the programs of which essentially concern organizations 
and procedures relevant to the ministry of the environment and the state of 
life and to the ministry of transportation, the projected budget for 1980 
includes only a limited and selective increase in som programs (building 
and construction, transport systems), translating the present reorganiza- 
tion phase of this sector. 


International Cooperation 


Concerning research conducted in cooperation with developing countries, the 
priorities of the projected 1980 budget bear upon animal production, man- 
agement of natural environments, medical research (transmissible diseases 
and nutrition) and technical research. Beyond this, the past developmental 
work will be continued. The creation of receiving stations at ORSTROM 
[Bureau of Overseas Scientific and Technical Research] and GERDAT [Grouping 
of Studies and Research] will allow organization .or better participation 
by the large metropolitan organizations in the cooperative programs. A 
particular effort will be made in 1980 to favor development of scientific 
and technical cooperation with our major partners. To this end, a program 
contract will be established between the foreign affairs ministry and the 
DGRST. Last, it must be noted that the projected budget for 1980 includes 
a significant increase in the funds dedicated to scientific and technical 
data, the interministerial programs of which will be actuated by an inter- 
ministerial mission placed near the secretary of state for research. 
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FRANCE 


DEVELOPMENT OF MULTILAYER CONDUCTORS DISCUSSED 
Paris REVUE TECHNIQUE THOMSON-CSF in French No 2, Jan 79 pp 259-280 


(Article by C. Val, Hybrid Circuit Department, THOMSUN-CSF: "Silk Screened 
Multilayer Device Using Cooper Conductors" (Manuscript received 5 February 
1979) ] 


[Text] Summary. The utilization of materials which do not contain noble 
metals is a priority economic objective for tomorrow's products. Copper is 
particulerly well suited to the process involving the use of tin, for it 
exhibits brazability and reliability with respect to Sn-Pb elloys far 
superior to those obtained with gold end gold alloys. 


Test multilayer devices with two conductor levels heve undergone all 
quelification tests, but major difficulties arise if there are more than 
three layers. 


Various channes in the composition of pastes and in baking conditions are 
still needed before this tyne of copper-besed multilayer device can be mass 
produced. However, our findings concerning the mechanism governing the 
formation of bubbles, and ciscussions with various paste suppliers, suggest 
that these chanoes are feasible both economically and rapidly. 


The selection of copper is determined by three major reasons: 


The solderability of the 80 Sn / Opp alloy makes it possible on one hand to 
obtain metallurgicelly stable bonds, and on the other, avoids the reliability 
problems encountered with multilayers based on gold or gold-platinum, which 
are primarily due to the formetion of Au/Sn and Au/In intermetallic compounds 
in the cese of solders based on indium. 


Moreover, the theoreticel resistivity of gold is 40% higher than that of 
copper. The dielectric constants of insulating layers are sligt ly lower 
(K: 6 to 8) then those achieved by dielectrics baked in air (4K: 6 to 12). 
This reduces propegation times and improves the electrical performance of 
systems. 











And finally, tne “ost of multilayers Desec on gold anc copper seems lower in 
. 


the latter case, but much less so than might appeer at *irst. 
1. Major Problems Yaised by the Bakinn of Copner 


The inherent constraints of copper, such as baking in 2 non-oxicizing 
atmosphere, the nmeec to bake each layer because of the elimination of solvents 
by distillation (14 bakes ‘or a multilayer with four conductor levels), and 
the neec to solder to output surfaces, have caused us to determine the 
thermodynamic limits within which copper does not oxidize. 


o 


Calculation of Acceptable Impurity Concentration Limits in Nitrogen 


In adrition to oxygen, we nave considered the case of the contaminants 
usually encounterec in en eireconcitionec industrial environment (chlorine 
and sulfurs). We heave determined the cuncentrations beyond which the 
formation of compounds with copper is impossible, anc nave listed all the 
14 forms thet are stable uncer operating conditions (1 etm atmospheric 
pressure anc temperatures between 20 anc 1000 [%): 

Cu, vw, 2u5U 

wins als, Cutl, 2} 


S54, CuS, Su,S, 1,5 


O59 Ho» HM 


In the light of the most recent thermodynamic deta, 24 -hemical reactions 
cen be envisaged [2 to 8]. Of these, we consider only the minimum number 
of reections which involve the 14 compounds. Nine equations are sufficient 
to describe *he system, anc are shown in table 1. 


The pertiael pressures of oxygen, chlorine, and sulfur ere celculated by 
moans of a pronram which we develonec for oes ohese reductions [9]. 


Tne existence comein for copper is snow 7 in finqure 1, from which it can be 
seen thet at *he maximum baking temperature for copper (1000 °C), the U5, 


shos enc So concentre: ions in the nitrogen must all be below 1.107°, 
Neture of oolluting 9es oncentration in nitrogen (1078) 
0. 0.5 
cl, 0.15 
5. 0.03 


Nm 


These ievels of purity are impossibic to maintain industrielly in e silk 
Screening oven. 








Tehle I 

















Domaine 
Nn’ Réactions de temperature 
(A) (8) (kK) 

Le cvsnesonnsws a (Cu,0 + 1/2(0,) +2¢ CuO) 298-1 357 
© nucanvevoneves (CuO > + (H,) + (Cu) + (H,0) 298-1 456 
Boe, (H,) + 1/2(0,) +(H,0) 298-2 S00 
$e (CuCl, > (CuCl) + 1/2 (Cl) 298- 703 
Sern (CuCl, > = { CuCl} + 1/2«C1) 703-1 356 
$e, (CuCl) + 1/2(H,) + (Cu) + (HCH 298- 703 
$e. {CuCl} + 1/2(H,) = (Cu) + (HCD 703-1 356 
a (H,) + (Cl) + 2 (HC) 298-2 100 
Vive cece eeeeee (Cu,S > + 1/2159 = 2¢CuS) 623-1 360 
B.. “coca (CuS > + (H,) + (Cu) + (H,S) 298-1 356 
9, ' (H,) + 1/2(S,) +(H,S) 298-1 750 
( ) gaveux. | | bqude. ¢ > solide (C) (0D) (E) 











Ke (A) eactions 

(2) Temmereture rence (4) 
(C) Gas 

(9D) Liquid 

(£) Sclid 


we know that the thermodynamic dete cen only provide informetion about 
whether a compounc c= or cannot be formed, but offers no information on 
the kinetics of these reactions. However, we did observe thet during 
mrocessinn, the copper could become oxidized even though we did not change 
the comnposition of the nitrogen drawn from the distillation of liquid 
nitronen (about 5O ™ of tubing). A bypess system allowing a switch-over 


to bottled nitromen (Ll. ¢ tot < 5.10") made it possible to once more 
« 
obtein @ non-oxicized copper (visually). 
The second specific problem of copper is its brazability. 
Rrazability of Copper 
After using the meniscooranh method with samples of the same size as those 
described by Jellison and Pantanelli (10, 11], we found that the method is 


not sufficiently sensitive for conductors with similar values of wettability; 
we therefore usec only an optical exarination of bonded surfaces. 












































Figure 1. Existence zone for copper, es a function of Os, who, and 5 
concentrations. 


Key: (A) Pressure (atm) 
(8) Zone of formation of copper compounds 


In all cases, copper on alumina or on cielectric, and efter one or severel 
bakes, very poor wetting is observed, as ‘ac already been pointed out by 

K. Kurzweil and F. Franconville [12]. The usual conditions for tinning ere 
as follows: 


Preheating to 7150 “C with PC 21 or ALPHA 611 Flux; 
; 60,. 
Dipping in @ "'Sn/*9p, bath at 235 t 5 °% for 5 s. 











A stripping metnod was developed efter the cause for non-wetting was 
Geterminec by Auger Electron Spectrometry of the copper surface. The 
analysis showec the presence of silico-aluminates (ALL, and Sit.) 


seqrenates over thicknesses of about 50 “A, and a slight surface contamination 
of cerhon and calcium. fhe copper oxidation cecreases very rapidly with 


cCepth, the oxygen concentration being less tha 25% at ea depth of 50 en, 

The glass encountered et the surface is found on the copper deposited both 
on alumina and on 2 dielectric, and is therefore very probably caused by the 
vitreous phase present in the copper. It was possible to eliminate this 
gless either by mechanicel rubbing, or by chemical stripping through attack 
of the uncerlying copper (in situ attack). We have usec this method end 
compared the effect of four chemical solutions: 


copper Srite (overly corrosive action, ultimetely); 
Solder Wet 2430 (Alphe Metel) (acceptable); 
HC1N/10 (acceptable); 

DILA: (under evaluation). 


Tne qualificetion tests were conductec with Solder Wet 2450, followed by 

cleaning with flowing cold, and then tepid, water, and ending with a dip 

in deionizec water. The totel gnount of ions remaining on the parts was 

Geterminec by measuring the solder equivelent with an integrating conductivity 
ter (lonograph). 


2s Investigqetion 
The samples were 2" x 1", and included two conductive layers separated by 
e cielectric layer; they mede it possible to study the influence of separate 


variables. 


The topologic characteristics of the semples are siven in table II. 


Table II 
Lonductor wicth 12) pom, 256 pm, 387 gsm 
Window dimensions 341 to 762 gm 
Window shepe squere end octagonal 
Number of crossings S00 
sondenser 4, in surface ratios of 1 to 16, 


beginning with 1.6 mn 


Acherence measureable at 3 levels copper/alumine, copper/dielectric, 
dielectric/alumina 














Fabrication Conditions 


Tne samples were printec under the usuel conditions shown in table III, 
and brker' in 2 six-zone, N., atmosphere furnace, with a 10 cm-wide belt (ATU). 


Table III 

Perameter Conductive layer Dielectric layer 
Dutside of contact (mn) 0.5 0.5 
Squeecee hardness (shore) 80 80 
Squeecee speed (cm/s) G 4 
Screen: mesh 325 200 

emulsion (ym). 20-25 10-25 

orientation (~) 45 45 

dimension (mn) 200 x 175 


The silk screening order end that of the bekes wes considered for four cases 
os shown in ‘table IV. 


Table Iv 

Orrcter of baxes Ceses 

1 2 5 4, 
Nake 1 a4 GU, “U4 CU, 
Bake 2 0, R 0, 0. 

D4 a 

7 : 7 
ake i et a Se 
ake C C C C 
Heke Us “Us Us Us 


4» 18% conductor plane: CUns 2nd conductor plene; «, copper relosd at 
19° 2nd dielectric layer; CUn4? nth 
nth dielectric plane. 


windows ; O44: Ist dielectric layer; D 


conductor olane;: aL 


we selected case ‘io 2 because th silk screening of the reloads is easier, 
and rebekes are recucec, as comared to case No 1. 


The tests were conducted in order to select the various suppliers of the 
svstem (copper + dielectric) according to the criteria listed in table Vv. 


The types of pastes reteined after discussion with the suppliers sre shown 
in table vI. 
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input parameters 


Table Vv 


Uutput parameters 
































1. Tyne of veste: tS 1. Conductor: 
vermal loy 
ari LEP (F) Appeerance 
Cermal loy Du Pont Dimension 
du Pont ° Resistance/() 
LEP ” TCR 
. Adherence 
2. Ffebrication: ° -hvemical anelysis 
Drying tempereture " Srazebility 
Drying time ” € 
Peek temnerature 2. Dielectric: 
Sensitivity to rebake ” window shepe 
° Dimension 
’. Industriel pereneter: . i 
Influence of oven loading . U preakdown 
(under investioetion) Ou Pont 3. 2000 fh quelification 
Table vI 
‘> 
Condition... Cuisson 
Peusniesser Condensateur Ditiectrique 
(a) curvre (C) Temperature Purete de 
(8) du paler (°C)| | atmosphere 
tee 4o+ 
Blectro-Scrence Labo- 
ratones. Inc EX 2310 400) $50-1 050 N, purifie 
lot 669-9.) lot 621-46 (G) 
Cermalioy 7029 NPS 7115 80 900 N, purr 
lot 761 jot 861 
Du Pont de 
Nemours 9923 9949 WO 925 | N, (moms de 
lot G 113.097 | lot G 113 077 10.10°*0,) | CH) 
LEP (France) Experimental | (1) Es 900. | GOO N, purvhe 
developpement 
a - 
Mey: (A) Supplier (4H) leree than 19.70 ~ U, 
(6 / \opper condenser (I) Under development 


(C) ODOtelectric 
0) 


Haking conditi r'sS 
(E) Flat zone temperature (%) 
(F) Atmosphere curity 
(G) Purified 








Table vII 


Supplier 
177 yn 
Du Pont Trianoquler 
ESL Trapezoicel 
Cermel loy Curvilineer 
rectenguler 
LEP Trianguler 


Selection of Copper Types 





Tneoretical width 
254 gem 


Trapezoical 
Trapezoidal 


Curvilinear 
rectangular 
Trapezoicdal 


SP 1 gam 


Trapezoicel 
F lattened 

trepezoicdal 
Curvilinear 
rectanguler 
Rectanguler 


As can be seen from figure 3, only the suppliers LEP and Du Pont offer 
acceptable rheologies anc dimensions; the conductor shape for the other 


suppliers is quite variable (table VII). 
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Finure *. Measurec width es a function of 


Hey: (A) Theoreticel wiath (8) 
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Measured width 


theoretical width. 


(C) 





Theoretical 
curve 











The measurement of resistances per squere hes enablec us om one hand to 
classify the quality of the corductors, and on the other hand, to determine 
sensitivity to fabricetion nerameters (crying anc beking). But it should 
first be stated that the normalization of #/f) for e thickness of 25 ym in 
cross section coes not have e nmysiceal meming, heceause the cross sections 
of conductors for cimensions smaller than 250) ym are not rectanquler. 
































Table VIII 
ay Largeer du conéuctcur (pm) 
Section O sectron \raperondale 
inangulaire 
(8)i27 |S Mi 
Longueur conducteur (mm)... (D), | 43.5 43.5 %,2 
Largeur conducteur (mm).  £E). 0.ti 0.22 on 
Epawseur (pm). ... ..... ty a is 17 14 
Resestance/O im Q/D) (>) 3.00 1,91 1,98 
Resstevete calcowlte (pf cm). ...... (H) 4.” 3.25 2.7 
Secon reetic (mm). (J). 0.% 40 $18 
Resistewne cornpte (uQ.cm).... (9) 2.70 2.95 2,77 
Surface lstérale (Si) (mm)... (A) 4s 11,0 “3 
Volume (V1) (mm’)...... SL) 0.0% 0,163 0.9 
K = SI/Vi (rm). enesuuaess 133.3 * 67,5 76.6 
“ey: (A) Conductor width (8) Trienqular cross section 
(C) Trapezoidal cross section (D) Conductor length 
(E) Conductor width (F) Thickness 
(G) esistance (4) Calculated resistivity 
(I) eel cross section (J) Corrected resistivity 
(4) Letereal eree (L) Volume 


If the meosured resistivities ere correctec es shown in table VIII (Du Pont 
copper cease), it can be seen in figure & thet the corrected resistivity, 
takinn into consiceration the real cross section, leads to values that are 
less dependent on the width of the conductor. In other ceses, the relative 
resistivity of silk screened copper is between 1.5 anc 1.9 of the resistivity 
of bulk copper. 


Correlating the ratio leteral erea/conductor volume to the totel resistence 
of the conducicrs (figure 5), we observe a quesi linear reletion, which 
supports the precominant role played by the surface reactions alreacy found 
by Auger analysis, in terms of resistivity per silk screened squere. 


We believe thet peste suppliers should furnish tne %/[) values of conductors, 
specifying their width, their cross section shape, end the baked thickness. 
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Figure &. Yesistivity of conductors as e function of width. 


Key: (A) Corrected reletive resistivity 
(8) Corrected non-relative resistivity 
(©) Uncorrected resistivity 
(0) Corrected resistivity 
(ce) Sulk copper resistivity 
(F° Resistivity 
(G) Reletive resistivity 
(4) Conductor width 


Peste Sensitivity to Drying 


Drying temperetures and times were extended beyond both limits suggested 
by vendors (see table IX). 


~ 


Du Pont and CSL show very little sensitivity to crying conditions. 
Sensitivity to Beking Conditions 
The suppliers’ baking orofiles were reproduced, and nitrogen flow retes 


were Cetermined for verious zones of the furnece based on resistivity and 
TCH measurements of the copper conductors. Tis TCR meesurement (epproximetely 


3000. 107”) is not sufficiently sensitive to determine the operating »uints 
of the furnace, Dut is sensitive to the number of rehbekes. 
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Figure 5. Conductor resistance as a function of the ratio lateral earea/ 
volume. 


Key: (A) « = laterel aree (top end sides)/volume 


(8) Dupont copper 
(C) Resistance 


Table Ix 





(A) Conditions 











° Temperature de séchage Duree 
Type de pate 

CB) Type oe pe (C) cc) (D) (ma) 
seillee yee Conseillee Essayée 
‘2 ry (2) | (6) 
Du Pont 9923............. 110 100-110-120 i0 5-10-15 
ESL 2311........... - 120 100-120-140 10 5-10-15 
Cermalioy 7029.... - 1S0 140-150-160 10 5-10-15 























Key: (A) Conditions 
(8) Type of paste 
(C) Drying temperature (%c) 
(D) DOuretion (min) 
(E) Sungested 
(F) Tried 
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(C) Section dumoutie 84cm? 
)Sect reveau Oe | entree 
¢ 2 : Secton au niveau Ge ia sorte 40cm? 
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Figure 6. Temperature profile and nitrogen flow retes. 


Oo. 

(A) Tempereture (~C) 
(8) Nitronen curteins 
(C) Furnece tube cross section: 646 cm 

. . 2 
(0) Inlet cross section: 930 cm 
(E) Uutlet cross section: 40 cm 
(F) Outlet 
G) Ouretion (minutes) 
(4H) Inlet 
(I) Azote = nitrogen 
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he beking curve is shown in figure 6. *esistivities are measured on two 
254 pimewide conductors of four perts (eight values per point). An inert 
lord equivelent to 1m of belt is placed aneac of and behind each lot of 
perts. Very high sensitivity to nitrogen flow rates was noted for the 
Following zones: 


Extraction venturi in the beking zone (no longer being used); 
low retes in the case of furnace tube isolation. 


An insteiletion for oxyoen insertion is currently operetionel; it permits 
us to raise the soncentretion profile throughout the length of the 


= 


C ant ; : : 
furnece. At 9 ,, we obdtein 20.10 oxygen in the entire beking zone. 
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(C) Température on (CC) 


Figure 7. esistence per squere es a function of flet zone temperature. 


Hey: (A) Dupont copper 9923 
(8) Resistance per squere 
(C) Temperature 


The influence of the peak temperature wes evaluated at * 50 “C around 900 “%C. 
This test wes concucted only for the Du Pont copper because its resistivity 
wes lower then that of LEP. Figure 7 snows e@ strong sensitivity to 
tempereture, nerticulerly for nerrow wicthns. 


Adhesion was measured by the peeling methor for sample surfaces identical 
to those adaptec by Du Pont (4.12 mm@) , which ellowed us to make easier 
comperisons. We used en Istron machine with constent traction speed. 
Table * shows tne minimel values end the averages for 30 velues per case; 
we note that: 


Tearing forces are lower then those claimed by suppliers; 
Copper edcheres much better to alunina then to the cielectric: 
The ESL, and especially Ltr pastes adhere better then the two others. 


we observed no significant variations in 8/[) and adhesion for as many as 
14 renekes. 








Table X 

















Force tome sur plot de 4.12 mm’ 
(B) (gh) mnemaic. maxumale, moyenne 
wom oe | (D) Cusvre /dselectnque 
Cuivre /alumune 
(A) Cu, 
(C) D, + Cu, Cu, + D, +D, + Cx, 
Du Pom.......... 0.7 0.5 0.55 
‘st i 0.98} — ee} ~—— 
ee 0.9 es 0.5 
; es oe 0.95 vy 0,80 
Cermaliey.. 0.3 0,2 0.2 
rif Om 0.0 a 0,43 
LEP. 13 1 
{ t, os 23 nom : 

















) Suoplier : 

) Tearing force for 4.12 m™” sample (kof) minimum, maximum, average 
) Copoer/elumine 

) Cooper/dielectric 


Key: 


Properties of Dielectrics 


The intrinsic characteristics of the dielectric were evalueted on capacitors 
with electrode areas in the ratios 1, 2, 4%, and 25, beginning with an eres 


of 1.6 mn. 4-velues are close to those announced by the vendor. The highest 


insuleting resistances were found for the Du Pont dielectric (> 1.10 '°f2). 
Sreekcown voltanes were always above 50D V; when changes in these voltages 
are plottec es e function of electrode arees (figure 8), the value of the 
holding voltene is reduced by only a small amount. The specific capacity 


for small cross sections is lower than 2.5 oF /emn® . or about 9.08 pf per 
rossing (175 pm line). 


The number of rebakes (up to 14) hes little influence on the cielectric's 
properties, but this fact still hes to be confirmed for 25 to 30 rebakes. 


It should be pointec out thet the dielectric ecquires a gray pigmentation 
after the first beke; this nigmentetion disappears during successive 
bekes, accommanied in some cases by swelling of the dielectric. 


i 














In conclusion, we have kept the Du Pont de Nemours system for qualification 
tests; the LEP copper is at least as good, but the cielectric is unavailable. 
we ere currently evalueting the experimental dielectric of this laboratory. 
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Figure @. Greakdown voltene and specific capacity es a function of 
electrode area. 


Mey: (A) Du Pont dielectric 
(8) Upper limit 
(C) Breakdown voltace 
(D) Specific capacity 
(E) Electrode area 
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Finure 9. Test specimen used for quelificetion (50x25 mm substrate). 
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Fioure 70. Cross section of the two methods of orotection. 


Key: ) Copper 
) Dielectric leyer(s) 
) Chemical bond 
) Hole 
) Substrete 
) ,orrosion 


For the quelification test we usec a 350 ym step, or 2.86 lines/mm for 
@ conductor width of 175 pm. 


The photogreph (fioure 9) smows the various test possibilities: 


rossing matrix (900); 
GOO ym squere window; 
LContects by brezinn 7H to &6O outnuts; 
Output contacts (466). 


Si 














Table Xl 


Neture of tests Number of samples 
Pessivatec Pessivetion 
No 17 No 2 
Group 0 (88 samles): 
Initial meesurements: Electrical L4 44 
Mechenicel -- -- 
iroun 1 (18 samples): 
J2T 1, 20, SW cycles: -20/+¢7L 3 3 
-40/+85 3 3 
-55/4125 3 3 
Sroup 2 (20 semples): 
vet neat 40 9%, 95% 8H: With epplied voltace 5 5 
without voltecge 5 5 
Intermeciete measurements after iC, 21, and 56 cays 
sroup 3 (30 samples): 
Raging under voltage: U. = 60 V: 70° 5 5 
aso 5 5 
125° 5 5 
Intermediete meesurements at S00, 1900, and 2000 nh 
Group & (2C samples): 
4ioh tempereture storage: 125° 5 5 
150° 5 5 


Intermediate meesurements at 500, 1000, and 2000 h 


ve eve looked eat two pessivation ceses: 


,ese © 1: simple passivation (one cielectric layer to limit brazing 
surfaces: 

Cese \o 2: special passivation with nermetic plug (two dielectric layers 
clus one Cu reload). As can be seen from figure 10, case No 1 provides 
only ea mechenicel contact between the pessivetion layer and the joint, 
while cese Vo 2 results in e copper/dielectric chemical bonc. 


All layers were tinned efter stripping with Solder Wet. The cleaning 
procecures have already been cescribvecd. 


The test desian is shown in table <I. 


No verietions in the resistivity ef the copper were found, but the adhesion 
meesurec aS pure traction on 1 mm contects decreases very rapidly efter 
2000 » storage et 150 %. 
































S Force de traction [kg/mm? ] 














Figure 11. Aging et 150 “C. 


“ey: (A) Average value 
(8) Minimum end meximum values 
(C) Minimum level eccepted by QC 
(0) Traction force 
(E) Time (hours) 


As can be seen from figure 11, we ere below the threshold of 0.5 kg/mm* 
eacceptec by our quelity control. At 125 ° there is a slight decrease from 
2.017 to 1.55 ko /mne at 2000 hours. 


After wet heat storece for 56 days et 4C °C and 95% ‘tH, moO Gecreease cen be 
“ound in tearing force. 


The behevior of the cielectric under the various constraints is excellent. 
Moreover, im the cese of the special passivation, no corrosion pinholes were 
observed in the copper efter wet heet. 


4, Comperative Costs of Multileyer Devices Based on Gold end Copper 
we have selected as working unit e multilayer device with two conductor levels 


on a 2" x 1" substrate. The nitrogen consumption per substrate is considered 
according to four assumptions: 

















Table xII 



































(A) Hypothese | (A) Hypothese 2 
Nombre de metres cubes 
comsommé per an. ..... 7920 bh = 14.6 mr’ 7920 h = 14.6 mm’ 
(8) = 115680 om’ = 1156 mm’ 
Celt de l azote consomme 
(Cir an (F) a 80 940 F 80 940 F 
4 = 9.62 1617 h = 146 subvtrats/h 4620 h « 146 subotrats/h 
orwe = 2% ORO = 674 $20 
de subsirats 
produns Fo 82... | 1617 ba 219 sudsirats/h | 4620 bx 219 substrats/h 
pre" (0) = 354 = 1 O11 780 
GE)Com de (4 = 0.62 0, 342 0,120 
larote par 
oe betrats (F)( 4 = 0.82 0.228 0.080 
—— 
(*) Prin du metre cube d azote quale « U » = 0.70 Fim’ (F) 











Key: (A) Assumotion 
(8) Number of cubic meters consumed per yeer 
(C) Cost of nitrogen consumec per year (F) (1) 
(D) Number of substrates produced per yeer 
(E) Cost of nitrogen per substrate (F) . 
(F) (1) Price of "U" quality nitrogen = 0.70 F/m. 


Coefficient for filling the oven belt (t), definec as the substrate area 
passing through the furnoce per unit time/belt area rolling during the same 
time. Two coefficients are used: 


0.62 ectual coefficient with autometic loadinn, 
0.42 maximum coefficient with special automatic ioading; 


For an eannuel oven utilization of (%n/26, 5 Cays/week, 11 months, 
n/24, 5 days/week, 11-12 months. 


The nitrogen consumption of our six-zone ATU furnace, 10 cm wide by 6 m long, 


15 ie m Jr. 






























































Py fultscouche /cuivre (  Pwircouche/or 
. Cunre | Ditiecinque ( ¢ Pr Dielectnque 
23 “a 9791 929 
(cy? | coF (FD 
(G) Quanine de pate consomméec (mg) 09 247 16s 253 
CH) | Cou: des pates (F/g).. 9.940) | 6.210) 152.40) Soe 
CI) | Cods des pates par substrat (F) 0.0 1,33 8.65 1,27 
Com total des pi ss ).. 2.22 9.92 
(3) 
(K) | Coat de lazove (F) : 
Hyp. | & = 0.62 1.37 
. 1 
a Hyp | 4 =0.82 0.9! 
(L) j) Hyp. 2 & = 0,62 0.48 
ne (te 2 4 0.82 0.32 
1 cunsons (“9 | £98.62 2.9 
(M) (avec Hyp ] &k = 0.82 1, 
passivation) | Hyp 2 & = 0.62 0. 
Hyp. 2 & = 0,82 0.5% 
(N) | Codt total sams passivation ...... 2.423.989 9.92 
(0) |[Ceé otal avec passivation 2.7% a 4.6) , 
(P) (") Ces prin ont et@ communiqués par Du Pont le 10 octobre 1977 pour « toutes 
Quantities » 
(9) (") Ces prin ont @1@ communiguts le 10 octobre 1977 pour des quaniités de 300 g, 
qu: sont ics quantnes habstuelles de commande pour ce type de produit 
(A) Multileyer/copper 
(8) Multilaever/oold 
» B2 opper 
0) B69 Dielectric 
(E) 9791 Goled 
(F) 9429 Dielectric 
(5) Quantity of pest consumed (mo) 
(H) ost of pastes (F/5) 
(I) VCost of cestes per substrate (fF) 
(J) Total cost of pastes (F) 
(4) Cost of nitronen (F) 
(L) Four bekes (without pessivation) 
(M) Seven bakes (with passivation) 














Key (continuerc): 

(N) Totel cost without passivation 

(UG) Totel cost with passivation 

(P) (1) These prices were provided by Du Font on 10 Uctober 1977 ror 
"2ll quantities" 

(9) (2) These prices were provided on 10 October 1977 for 300 9 
quantities, which are the customary esmounts for orders of 
these products 


Table XIII shows thet cenencing on the verious calculation assumptions, the 
material costs are 2 to 35.5 times lower than those requirec for oolc based 
multilayers. we believe that the manpower costs ere the same es those 
required for gold multilayers, but this is not strictly eccurete because 
each layer must be beked separately. On the other hand, severel solutions 
sre evailable to reduce the production cost of conper multilayers. 


Tne nitrogen consumption can be reduced, nertly by controlling the oxygen 
concentration in the beking zone, and partly by reducing te flow by two or 
four during non-working days. At the same time, the furnace lennths can be 
increased without increasing the nitrojen consumption, thereby increasing 
‘ne production capability. 


And finally, the orice of copper pastes incluced a leroe portion of manpower 
end is not orimerily dependent on the high cost of ocrecious metals, all of 
woich will contribute to reduce the cost of manrower units. 


5. Conclusions 


nowinn the thermocynemic limits of the solic phase reaction of copper, and 
having verified the sensitivity of copper conductors to baking, we were able 
to aront the Du Pont conper + Du Pont dielectric system after preliminary 
cheracterization tests. The complete tests were carried out on quelification 
samples with two levels of conductors, rether comparable to those used by the 
paste suppliers (Du Pont, ESL, Cermalloy, Emce, TFS). 


It is impossible to extranolete these results to more than two levels; we have 
in fact fabricate more comlex multilayers with four conductor levels, for 
which the yvielc wes neerly zero. We are presently studying the causes for 
these failures: 


Development of bubbles at the copper-ecielectric interface; 
Microcracks in the dielectric, associeted with the previous failure. 


Tye Hynothesis offerec by Du Pont is not accentable in our opinion: it concerns 
the removal ond ocrosressive combustion of the heavy solvents (polymers). 
everel investiogeations were conducted in order to verify this hypothesis: 


OU 











YTA thermal balance; 
flimination of solvents under vacuum; ‘ 
Introduction of oxyoen into the combustion zone of the oven (400 ©), up 


to 1000.10 

Measurement of the dielectric recrystallization by X-rays; 

Research into the possible solic phase reactions between cooper anc the 
dielectric, which could release cesses (we neve isoletec e blue copper 
aluminate); 

“esearch into the 4Airxencall effect, which could lead to the creation of voids. 


m to now we Deve no absolutely sure conclusions, Dut we lean towerd another 

system which would not rrectically oresent this feilure: corner «+ LEP dielectric. 
The formulation of this clielectric is indeed very different ‘rom the one 
formulated by Ou Pont. Tris system still Sas to be comletely qualified. 


~“e porolicetions of these corper-hesec multilevers are quite numerous in the 
tin field. The interest shown in chip-ecarriers for the encansulation of 
intermeriiate anc heevily integreted circuits, is totelly essocietec with tre 
develcoment of multilayer interconnections solcerabie with tin-lead. On the 
other “anc, the orocuct of density, resistivity, anc cost is such lower than 
tnat for scold conductors. Another non-triviel adventase for the user of these 
chipecarrier LSI‘'s, is the possibility of multipole repairs of the macrocomponent 
(multilever with nm chipecarriers); this is possible for copper while it is very 


. _- ’ ; P , S nam = . . 
aifficult r golc for the same level of quality. 


In another comein, we are currently testing the system copper conductor ¢ 
competihble resistences: this is opening an equally importent fielc for 
enaloo eonplications. 
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With reduction of fuel, on the other hand, only the supply of fuel is suut 
f, while a flow of air is permitted to cycle through the inactive modules. 
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article reports on the results of the bench tests 
coy S$; as regards the practical construction aspects, 
er is referred to what has already been published [1] 
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of Machinery of Genoa. The choice of this 
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ues and forces for the various mod- 
- in this regard, the “boxer” en- 
ey can be broken down iuto two- 
s [1]. The total displacement (1,20 
or road use [6]; but for bench study of 
» the absolute power values are of no interest what- 
soever. Although the motors used in the 2 years of research, which will be 
lesignated as engine A and engine 3, respectively, are of the same type, vhere 
ght differences between them, especially as regards the timing diagram, 
the characteristics of the two engines, as well as the fuel-supply systems 
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adopted, are given in Table l. 
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Figure l--Components of the fuel-supply system of engine > 
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For engine A, fuel reduction was achieved by cutting off the supply of gaso- 


line to the carburetor feeding the module to be deactivated (cylinders 1 and 2 


. 


2, &]). For engine B, on which each carburetor serves one cylinder of each 
module, blind main and idling jets were used on the barrels going to the cyl- 
inders to be shut off from operation; nothing was done with the accelerator 
pump, since it had been observed that it does not act under test-bench condi- 
tions, but tne oriming tubes of the power jets were taken out. 

Reduction of fuelemixture flow, on the other hand, was achieved for both en- 
gines by removing, on the lathe, the cam disks for the valves of the cylinders 
t ieactivated. 


tally, for reduction of displacement, since no intermodular coupling was 

) ecting rods of the two cylinders concerned were 

removed, and lubricating oil was prevented from coming out of the rod-journa, 
n out of the connecting 


rods of the engine itself and fastened with pins put into the holes of the 


vy the use of metal ties take 


-4 Measuring Instruments 
All the experimental observations were made using the double test bench of 


i 
the laboratory of the Institute of Machinery of Genoa (Figure 2), which is 
juipped with temperature regulators. For measurement of engine torque, an 
eddy-current electromagnetic brake was used, angular velocity was measured 
with a digital frequency meter connected to the brake's tachimetric alternator. 


r fuel flow, the calibrated-bubble volumetric system, coupled with a digital 


electronic timer, was used. For the air flow, an Alcock viscous-flow gauge 
was used, while the concentrations were determined with an infrared-type non- 
lispersive analyzer. 
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